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equation substitute 2Fa, where a is the area of the spot 
measured in terms of the solar hemisphere. This leads to 

B = 3Fa. 

The vertical force will not be constant over the whole 
spot area, but we may now take F to be the average 
vertical force, and its variations are immaterial when it 
is only a question of evaluating the order of magnitude of 
the effect. At the distance of the earth the corresponding 
force acting in a direction radial from the sun is equal to 
3Faa 3 , where a is the angular semi-diameter of the sun 
as viewed from the earth (a 3 = io- 7 ). 

If we adopt Zeeman’s estimate of 3000 C.G.S. for F, 
the only remaining quantity to be estimated is a. We 
may take account of the greatest possible collective effect 
of all spots by imagining them all of 
the same polarity and placed at the 
centre of the solar disc; a then re¬ 
presents the total spotted area which 
may be obtained by reference to the 
Greenwich tables. If we include in 
the spot area the penumbra as well 
as the umbra, we find the average 
value to be about 500 in millionths 
of the sun’s hemisphere, but in years 
of sun-spot maxima this number will 
be considerably exceeded. Taking the 
year 1893, which was the most 
prominent sun-spot year since 1870, 

I find that on August 7 the value of 
a was 5128 in the above units. 

Writing 0-005 f° r a t the radial solar 
force is found from the above ex¬ 
pression to be 4-5x10-° C.G.S. On 
the Greenwich curves such a force 
would be represented by a displacement of one-tenth of a 
millimetre. 

The magnetic fields on the sun, on which our calcula¬ 
tions are based, cannot, of course, form or disappear 
suddenly, and in view of the smallness of the effect the 
only question that can arise is whether, if persistent for 
a sufficiently long time, periodic variations might just be 
traceable. Some years ago I worked out in full the 
periodic effects of a magnetised and rotating sun (Phil. 
Mag., vol. xlvi., p. 395, 1898). The main periods intro¬ 
duced are two, one of twenty-nine days, if the synodic 
revolution of the sun is twenty-seven days, and one equal 
in length to the sidereal day. (The period of twenty-seven 
days drops out altogether.) As regards the former period, 
it could only show itself if the magnetic state of the sun 
persisted for a sufficiently long period, and would probably 
even then escape detection owing to its smallness. 

Similarly, the sidereal period would be hidden behind 
that of equal period and much larger amplitude which 
is introduced by the seasonal fluctuation of the ordinary 
diurnal period ; but we need not enter into a detailed dis¬ 
cussion of the possibility of tracing minute effects. My 
main object has been to show that the magnetic disturb¬ 
ance hitherto associated with the state of the sun’s surface 
cannot be accounted for by the direct magnetic action of 
Prof. Hale’s electric vortices. 

Arthur Schuster. 


Kew Records of the Italian Earthquake. 

The accompanying traces show records of the Italian 
earthquake of December 28, 1908, given by the Milne 
seismograph and the declination magnetograph respectively 
at Kew. The former shows a very sudden arrival of 
seismic waves of some magnitude at 4I1. 23-6111. a.m. 
(G.M.T.). If these represent “ preliminary tremors ” 
from an earthquake originating in Italy, about 2000 kilo¬ 
metres away, one would expect the large waves not to 
commence until some seven minutes later. Ordinarily, the 
maximum amplitude occurs some little time after the"large 
waves commence. In the present case, however, the 
maximum is shown at either 4I1. 31-1111. or 4I1. 327m., 
the lateral traces overlapping at both these times. This 
means a movement of more than 17 mm. at the end of 
the boom. 
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It is unusual for the Kew magnetic curves to show 
any record whatever of earthquakes. O11 the few past 
occasions when the magnetic traces have shown anything, 
it has taken the shape of a burr of vague outline, indicating 
that the magnets have been put in oscillation. (Ordinary 
magnetic changes are not discontinuous, and for these the 
magnets are practically dead-beat.) The present occasion 
is, I think, unique in that not one, but several, of these 
burrs are distinctly visible in the original declination curve, 
though in a copy they will, I fear, be indistinct. The 
time scale is only 15mm. to the hour, and an uncertainty 
of at least 0-5 minute must be allowed in estimates of time. 
To prevent prejudice, the four burrs distinctly seen were 
measured prior to an inspection of the Milne trace, and 
the tiriies allotted were respectively 32, 36, 40, and 47 


minutes after 4 a.m. These answer apparently to the 
seismic movements of which the measured times are 327 
(or 31*1?), 35-5, 39‘6, and 46*7 minutes after the hour. 
The original declination trace shows a distinct movement 
at. 4-27, but this is of a different type, and may not be of 
seismic origin. There is also at 4.23 or 4-24 a very faint 
suggestion of movement. This may answer to the com¬ 
mencing seismic movement, but/ unlike the other move¬ 
ments on the declination trace, it was not noticed until 
after the Milne record had been examined, and it should 
be regarded as doubtful. 

The horizontal-force curve showed only one conspicuous 
burr, the measured time for which was 4.33. For some 
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time prior to 4.23 the edge of the declination curve was 
pretty sharp, and apparently no disturbance existed. Any 
magnetic effect originating 'at the seat of the earthquake 
should have affected the Kew magnets several minutes in 
advance of the earliest seismic record. Thus in this case, 
at least, the movements shown on the magnetic curves are 
of purely mechanical origin—the magnetograph acting as 
a seismograph—or else they represent some magnetic effect 
arising in the near neighbourhood on the arrival there 
of the earthquake waves. 

The periods of the declination and horizontal-force 
magnets and of the Milne boom are respectively about 
I0 it r 3'i, and 17J- seconds, and as recorders of earthquakes 
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none of the three is dead-beat. Thus the apparent ampli¬ 
tudes of the records will depend on the proximity of the 
natural period to that of the seismic wave. This may 
account for the fact that whilst the seismograph and the 
horizontal-force magnet indicate a maximum of disturb¬ 
ance at from 4.31 to 4.33, the declination magnet indicated 
more disturbance at 4.3(1. A movement of 17 mm. on the 
seismic trace answers to a tilt of fully 9", but it may be 
produced in a variety of ways, and no immediate deduc¬ 
tion is possible as to either the c haracter or the amplitude 
of the disturbing motion. C. Ciiree. 

January 1. 

[Added January 4- -An examination of the 1 glass scale? 
used with the* magnetic curves shows that a correction 
of about —o*5 minute is required to the times deduced by 
it. This brings the 1 above? times from the magnetic and 
seismic curves into even more? perfect agreement.] 


The Commercial Products of India. 

It is not customary for an author to reply to his 
reviewers, but I trust you will permit me to depart from 
that usage. Captain A. T. Gage, superintendent of the 
Royal Botanic Gardens, Calcutta, stands, to m\ recent 
work “ The Commercial Products of India,” in an entirely 
different position from an anonymous reviewer, and his 
opinion, as expressed in certain passages of the notice 
published in Nature of December 17, 190S, therefore seems 
to me to call for a reply. 

Captain Gage accuses me of having “ unnecessarily spun 
out ” certain articles by a “ failure to discriminate between 
essential and superfluous information and between proved 
facts and mere opinions not worth recording. ’* lie then 
proceeds to exemplify that contention by quoting one 
sentence regarding tea. Removed from its context, that 
particular passage might fall under the condemnation he 
has passed upon it, but when read in connection with the 
sentences immediately preceding and following, its mean¬ 
ing and value are, I venture to think, abundantly brought 
out. The contention, it will be seen, is advanced that 
even in China tea appears to have been first used as a 
vegetable or medicine, and that it was not until the fourth 
century that its modern usage as a beverage began to 
attract attention. If I am justified in assuming that many 
of my readers may find interesting what had proved such 
to myself, it seems likely that the fact that the habit of j 
tea drinking is not very ancient, even in China, will not 
be regarded as superfluous information. 

Then, again, Captain Gage apparently objects to my j 
method of exemplifying the failure, so far, with rhea j 
cultivation in Kangra. I have given prominence (so he j 
affirms) to the fascinating effect on myself personally of 
the undying faith of a very old lady. Now anyone at all 
familiar with the recurrent interest in rhea and China 
grass—aware, in fact, of the extent of capital even now 
at stake—would hesitate to pronounce rhea, as Captain 
Gage has done, “ a distinctly doubtful crop.” The fibre, 
at all events, is in itself immensely valuable, hence, in 
reviewing India’s position in the controversy of future 
production, 1 felt myself compelled to give actual results 
in preference to dogmatic pronouncements. Mv posi¬ 
tion regarding India’s future participation is briefly that, 
while we have the “ undying faith ” of some of the 
pioneers, the results so far attained have not been exactly 
favourable; but I have urged that there is distinctly a 
future for the crop when certain misleading statements 
and misconceptions have been effectively removed. In 
other words, I by no means concur with Captain Gage 
that rhea is “ distinctly a doubtful crop.” 

But mv reviewer has fallen foul of me because mv 
abridged articles on tea and rhea (as he thinks) are longer 
than the originals. Perhaps T may be permitted to ex¬ 
plain that the chief difficulty I experienced in writing the 
work in question was the necessity, imposed on me, to 
restrict and restrain my efforts on every hand bv calcula¬ 
tions or ratios of space to articles, and bv the final j 
accomplishment of the entire task within one volume. : 
( apfain Gage’s criticisms on the science of rircumscrip- J 
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lion arc, in fact, examples of that very difficulty, only 
that he: fails in the all-important detail of accuracy. If 
he will consult again the original work he will perhaps dis¬ 
cover that it often happened that a subject was there dealt 
with under two or more positions. In the new work each 
had to be disposed of once and for all. Hence Hovlnucria 
nivea- Rhea—does not have fifteen pages in the old and 
sixteen pages in the new work, as Captain Gage affirms, 
but sixty and sixteen pages respectively. So also ('amcilia 
thca —lea—does not have fourteen pages in the old and 
thirty-five pages in the new work, as Captain Gage also 
affirms, but eighty-two and thirty-five respectively. The 
articles on these two subjects thus occupv, as near ns 
possible, the exact spaces reserved for them in the scheme 
of the new publication. George Wait. 

Richmond, December 19, 1908. 


The Isothermal Layer of the Atmosphere. 

I iia\;e read with much interest the letters on this sub¬ 
ject that appeared in Nature during last February and 
March, and also the account of the discussion at 
the British Association (Nature, October 1, 1908), and 
my only excuse for re-opening the question at this late 
date is that a point seems to have been overlooked which 
appears capable of explaining the phenomena without any 
appeal to an isothermal layer. Both in the correspondence 
and in the discussion several physicists cast doubt on the 
accuracy of the thermograms, but, so far as 1 have seen, 
only Mr. A. L. Rotch, at the British Association, men¬ 
tioned that his instruments were verified for low tempera¬ 
tures and pressures. The following physical effect on the 
barographs does not appear to have been mentioned, and 
I should be glad to know what precautions are taken to 
eliminate it in practice. Pressures are necessarily regis¬ 
tered by aneroids, and it appears to be assumed throughout 
all these discussions that a lower pressure on an aneroid 
means a higher altitude, but this is not so. In 1892, when 
I was a temporary observer in Ben Nevis Observatory, Mr. 
Kdward Whymper visited the district to have some four¬ 
teen or fifteen aneroids of various sizes compared with the 
mercurial barometers at the low-level station, and as soon 
as possible afterwards at the top of the bill. It was in¬ 
variably found that the indexes kept on falling after the 
aneroids had been brought to rest in the observatorv. The 
rate of fall was at first fast, but became slower as time 
went on, and it depended upon the difference of pressures 
between the two stations and also upon the time taken in 
transit from one to the other, being greater for greater 
differences of pressure and less for longer times of transit. 
The aneroid would tend to give the true pressure 
immediately on arrival or after some hours, according as 
the standardisation had been rapid or slow. The effect is 
duo to a kind of elastic fatigue, and was reversed on 
returning the aneroids to sea-level. 

Mr. A. Mai lock, F.R.S. (Proc. Rov. Sor., vol. Ixxx., 
P* 53 °)’ shown that up to the altitudes corresponding 
to pressures of about 100 millimetres of mercury the 
velocity of the balloons increases slightly, but at' these 
ait if tides it decreases so suddenly that the hypothetical 
balloons with which he deals niu>t there have ceased rising. 
It is dear that at such altitudes the conditions are hkh 
favourable to the operation of elastic fatigue. The change 
of pressure to which the aneroid has been subjected is 
considerable; the time of ascent is fairlv rapid, and the 
velocity is suddenly destroyed ; hut although the balloon 
may cease to rise, the apparent pressure does not cease 
to fall. Consequently, when the barogram is deciphered, 
if the effect of elastic fatigue is ignored, an increased 
height will be inferred at the same epoch as a constant 
temperature. There may even be an increase of tempera¬ 
ture if the balloon should leak slightly or if the gas should 
be sluggish in acquiring the' low temperature of the air 
into which it has risen, and, cooling somewhat, causes 
the balloon to descend slightly. It should be remembered 
that at these altitudes a small change of pressure corre¬ 
sponds to a very considerable change of altitude, so that 
this effect of fatigue would be greallv exaggerated. The 
great differences of altitude at which the isothermal layer 
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